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, $k$ $p\succ 0$ , $G$ $p$ .
kG- , Carlson-Peng-Wheeler
[13] , , , , , kG-
, . kG- category $\mathrm{m}\mathrm{o}\mathrm{d}(kG)$
. , kG- $M,$ $N$
$(M, N)=\mathrm{H}\mathrm{o}\mathrm{m}_{k}(M, N)$
$(M, N)c=\mathrm{H}\mathrm{o}\mathrm{m}_{kG}(M, N)$








$0arrow \mathrm{k}\mathrm{e}\mathrm{r}\varphi_{n}arrow P_{n}arrow \mathrm{i}\mathrm{m}\varphi_{\hslash}arrow 0$





$\ldotsarrow P_{n+1}\mathrm{h}+1arrow P_{\hslash}arrow \mathrm{h}P_{n-1}arrow\cdotsarrow P_{1}arrow\varphi_{1}P0arrow mMarrow \mathrm{O}$
$($ -, $N)G$ coch $\mathrm{n}$
$0arrow(M, N)Garrow\nu_{0}^{*}(P0, N)Garrow\varphi_{1}^{*}(P1, N)Garrow\cdots$
$\ldotsarrow(P_{n-1}, N)carrow\varphi_{n}^{*}(P_{n}, N)G\varphi_{n+1}^{*}(P_{n+1}, N)Garrow\cdots$




. $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, N)$ $M$ . $M$
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, N)=0,$ $n\geq 1$ .
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(M, N)=\oplus \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, N)n=0\infty$
.
$M$ $K_{n+1}=\mathrm{k}\mathrm{e}\mathrm{r}\varphi_{\hslash}$
Ll kG- $M$ . $n\geq 1$
$\simeq(\underline{\Omega^{n}M,N})$ .
$\alpha\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, N)$ cocycle $\hat{\alpha}$ : $\Omega^{n}Marrow N$ .
1SkG- $M$
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(k, M)=H^{n}(G, M)$,
$H^{*}(G, M)=\oplus H^{n}(G, M)n=0\infty$
$G$ $M$ cohomology .
L4 (Yoneda ) $L,$ $M,$ $N$ kG- .
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, N)\otimes \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{m}(L, M)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{m+n}(L, N)$
$\beta\otimes\alpha$ $\mapsto$ $\beta\alpha=[\hat{\beta}\circ\Omega^{n}\hat{\alpha} : \Omega^{m+n}Larrow N]$
Yoneda . bffinear, associative . $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(L, L)$ graded alge-
bra , $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(L, M)$ $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(M, M)$ -IExtt (L, $L$ ) .
la(i) $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(k, k)(=H^{*}(G, k))$ N\mbox{\boldmath $\omega$} \sigma ian .
(ii) Krull-dim $H^{*}(G, k)=G$ p-rank.






. $M$ kG- .
$\Phi_{M}$ : $H(G, k)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(M, M)$ ,
$\zeta=\hat{[\zeta}]\mapsto\hat{[\zeta}\otimes 1_{M}]$
$acM=\mathrm{k}\mathrm{e}\mathrm{r}\Phi M$ homogeneous .
$X_{G}(M)=\langle \mathrm{m}\subset H(G)|\mathrm{m}$ $a_{G}M$ }
.
$X_{G}(k)=X_{G}=$ { $\mathrm{m}\subset H(G)|\mathrm{m}$ }
.
1.3 (i) $M$ $X_{G}(M)=\langle H^{+}(G)\}$ .
$H^{+}(G)$ , variety $X_{G}(k)$ 0 )
(ii) $M$ $\dim Xc(M)=1$ .
1.4 kG- $M,$ $N$
$X_{G}(M\otimes N)=X_{G}(M)\cap X_{G}(N)$ .
L6 $M,$ $N$ kG- . $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)$ . $\rho\neq 0$ , $\rho$ $\hat{\rho}$ :
$\Omega^{r}Marrow N$ . , kG- $P,$ $Q$ kG- $L,$ $L’$
,
$0arrow\Omega^{r}Marrow N\hat{\rho}’’\oplus Qarrow L’\betaarrow 0$, $0arrow Larrow\alpha\Omega^{r}M\oplus Parrow N\hat{\rho}^{f}arrow \mathrm{O}$
$\mathrm{p}\mathrm{r}_{N}\circ\rho’\equiv\hat{\rho}’|\Omega^{r}M\neg\equiv\hat{\rho}$ ( $\mathrm{m}\mathrm{o}\mathrm{d}$ )
$L\simeq\Omega L’$ \oplus ( )
. , $\alpha,$ $\beta$ kG- $L,$ $L’$
. , , kG- $P$ kG-
$L$ , $\Omega^{0}L=\Omega L’$ $L_{\rho}$ . $L_{\rho}$ $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)$
. $L$ , ( )
$0arrow\Omega^{r}Marrow N\oplus Q\hat{\rho}’’arrow\Omega^{-1}L_{\rho}arrow 0$,
$0arrow L_{\rho}arrow\Omega^{r}M\oplus P$ $Narrow 0$,
$\Omega^{0}L_{\rho}=L_{\rho}$ , $\mathrm{p}\mathrm{r}_{N}\circ\tilde{\rho}’\equiv\tilde{\rho}|\alpha M\equiv\hat{\rho}$ (moci )
.
stable category , stable category $\rho$ : $\Omega^{r}Marrow N$ distinguished
triangle
$\Omega^{r}Marrow Narrow L’arrow\Omega^{r-1}M\rho\underline{\beta}\underline{\Omega^{-1}\alpha}$
. $\Omega L’$ $L_{\rho}$ .
85
$\rho=0$ , stable category 0: $\Omega^{r}Marrow N$ triangle
$\Omega^{r}Marrow Narrow L’arrow\Omega^{r-1}M0\underline{\beta}\underline{\Omega^{-1}\alpha}$
. triangle translate $\llcorner \text{ }$ , triangle
$Narrow L’arrow\Omega^{r-1}Marrow\Omega^{-1}N\underline{\beta}\underline{\Omega^{-1_{\alpha}}}0$
. Carlson [11] Corollary 5.9 ,
$N\oplus\Omega^{r-1}M\simeq L’$ \oplus ( )
. , $\Omega L’\simeq\Omega N\oplus\Omega^{r}M$ $L_{\rho}$ .
, $H$
$L_{\rho|H}\simeq L_{\mathrm{r}\mathrm{e}s_{H}}$ 2\oplus ( )
.
$L_{\rho}$ $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)$ Carlson .
$M$
$\ldotsarrow P_{r}Marrow P_{r-1}Marrow\cdotsarrow P_{0}Marrow Marrow 0$
. $\hat{\rho}’$ : $\Omega^{r}M\oplus Parrow N$ $0arrow\Omega^{r}M\oplus Parrow P_{r-1}M\oplus P$ pushout
,
$\mathrm{E}_{\rho}$ : $0arrow Narrow\Omega^{-1}L_{\rho}\oplus P’arrow\Omega^{r-1}Marrow 0$
. $\hat{\rho}$ : $\Omega^{r}Marrow N$ $0arrow\Omega^{r}Marrow P_{r-1}M$ pushout
$0arrow Narrow Xarrow\Omega^{r-1}Marrow 0$
86
. , $\rho\in H^{r}(G, k)$
$\mathrm{E}_{\rho}$ : $0arrow karrow\Omega^{-1}L_{\rho}arrow\Omega^{r-1}karrow 0$
. $\rho\in H^{r}(G, k)$ Carlson $L_{\rho}$ .
1.5 $\rho\in H^{r}(G, k)$ $\sqrt{a_{G}L_{\rho}}=\sqrt{\rho}$, , $Xc(L_{\rho})=XG(\rho)$ .
2 $\mathrm{p}\mathrm{a}\mathrm{r}\mathrm{a}\mathrm{m}\mathrm{e}\mathrm{t}\mathrm{e}\mathrm{r}*$
2.1 $\{\zeta 1, \ldots, \zeta_{r}\}$ cohomology $H^{*}(G, k)$ homegeneous . $H^{*}(G, k)$
$k[\sigma_{1}, \ldots, \sigma_{r}]$ , $\mathrm{t}\sigma_{1},$ $\ldots,$ $\sigma_{r}$ } $H^{*}(G, k)$ p meter . ten-
sor $L_{\zeta_{1}}\otimes\cdots$ \otimes L .
2.1 (Carlson [8] Theorem $\mathrm{A}$, 1985) $S$ $G$ Sylowp- .
$J= \sum_{H<G,p||G:H|}\mathfrak{s}t_{H}^{G}(H^{*}(H, k))$
$\sqrt{J}=.\sqrt{\mathrm{k}\alpha[\mathrm{r}\mathrm{e}\mathrm{s}_{\mathrm{Z}(\mathrm{S})}.H(G,k)arrow H(Z(S),k)]}$.
Benson [6], 1992, , , . , Carlson Benson
, parameter .
. $G$ $p$-rank $r$ . $i=1,$ $\ldots,$ $r$




2.2 (Carlson[101 Proposition 2.4, 1993) $G$ $p$-rank $r$ , $H^{*}(G, k)$ homoge-
neous parameter $\langle$ $\sigma_{1},$ $\ldots,$ $\zeta_{r}\}$ : $i=1,$ $\ldots,$ $r$
$\zeta_{i}\in\sum_{H\in\ovalbox{\tt\small REJECT} l_{i}(G)}$
$HG(H^{*}(H, k))$ .
2.3 (OkuyamaSasaki [181 Corollary 32,1998) $\mathrm{t}\sigma_{1},$ $\ldots,$ $\zeta_{r}\rangle$ homogene-
ous parameter , tensor $L_{\zeta_{1}}\otimes\cdots\otimes L_{\zeta_{r-1}}$ $\ovalbox{\tt\small REJECT}_{r}(G)$ .
.
2.4 (Okuyama-Sasaki[181 Lemma 22) $\ovalbox{\tt\small REJECT}$ $G$ , $M$ kG- .
homogeneous $\zeta\in H^{*}(G, k)$ $\sum_{H\in Jl}\mathrm{t}\mathrm{r}_{H}^{G}(H^{*}(H, k))$ , $X_{G}(M)\cap X_{G}(\zeta)=\{0\}$
( $M$ $\zeta$ Carlson $L_{\zeta}$ tensor $M\otimes L_{\zeta}$ ) , $M$
$\ovalbox{\tt\small REJECT}-$ .
2.1 (i) 23 $r=2$ , $L_{\zeta_{1}}$ .
[ $[] 81$ .





, , $.\mathrm{S}$ylow2- 2
$\mathrm{m}\mathrm{o}\mathrm{d} 2$ . Asai [1] (received 1990)
:
It has long been known that modules over modular group algebras have relatively projec-
tive covers [7]. However only in rare instances has this fact been used effectively. In this
paper the relatively projective covers are used to obtain aformula for the dimensions of
cohomology groups.
,
. [21 (received 1992) , , Sylow 2- 2
$\mathrm{m}\mathrm{o}\mathrm{d} 2$ .
(
) 2 (1990) , ([161).
$k_{H}^{G}$ , , $G$ , $H$ $G$ , $H$
. 2 mOd2 , , Carlson produc-
tive . , Sylow 2-
2 $\mathrm{m}\mathrm{o}\mathrm{d} 2$ ([21], received 1993).
Carlson Carlson
(Carlson-Peng[12], received 1995). , Sylow 2- wrea ed
2- $\mathrm{m}\mathrm{o}\mathrm{d} 2$ , ,
, $\mathrm{O}\mathrm{k}\mathrm{u}\mathrm{y}\mathrm{a}\mathrm{m}\mathrm{a}4\mathrm{a}\mathrm{s}\mathrm{a}\mathrm{k}\mathrm{i}[181$ (received 1998)
.
Carlson-Peng-Whoeler[131 (received 1997) transfer
, $\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{s}\mathrm{f}\alpha$ . $k_{H}^{G}$
transfer $H$ transfer .
, Carlson-Peng-Wheeler [131 ,
transfer . Carlson-Peng-Whoeler C-P-W .
3.1 Tensor $\mathrm{f}1t$ dulallty
kG- $W,$ $V$ $(W, V)$ tensor $W^{*}\otimes V$ kG- :
$W^{*}\otimes Varrow(W, V)$
$\xi\otimes v\mapsto f$ : $w-\xi(w)v$ .
. $W$ , { $w_{1},$ $\ldots,$ $w_{n}\rangle$ .
$\langle w_{1}^{*}, \ldots, w_{n}^{*}\rangle$ .





$\overline{\mathrm{r}}\Leftrightarrow 3.1$ (C-P-W[131) kG-lI# $M,$ $N,$ $k^{\backslash }XlfW\#\sim\sim \mathfrak{R}’\llcorner\tau\downarrow \mathcal{O}$) $\Pi\overline{-}\ovalbox{\tt\small REJECT} \mathrm{t}_{\mathrm{c}}^{\mathrm{r}}X\vee\supset C\vee$





$\theta w$ : $(M\otimes W, N)Garrow(M, N\otimes W^{*})c$
. . $W$ , { $w1,$ $\ldots,$ $w_{n}\rangle$ .
$\{w_{1}^{*}, \ldots, w_{n}^{*}\}$ . $f$ : $M\otimes Warrow N$
$\theta_{W}f$ : $Marrow N\otimes W^{*}$
$a \mapsto\sum_{i=1}^{n}f(a\otimes w_{i})\otimes w_{i}^{*},$ $a\in M$ .
$g$ : $Marrow N\otimes W^{*}$ $\theta \mathrm{w}$
$\theta_{W}^{-1}g:M\otimes Warrow N$
$a\in M$ $g$ (ae
$g(a)= \sum_{i=1}^{n}b_{i}\otimes w_{i}^{*},$ $b_{i}\in N$
$\theta_{W}^{-1}g(a\otimes w)=\sum_{i=1}^{n}w_{i}^{*}(w)b_{i}$
.




transfer , naturality .
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32bansfer restriction
32 $W$ kG- . evaluation $\alpha \mathrm{w}$
$\alpha w$ : $W^{*}\otimes Warrow k;\xi\otimes w\mapsto\xi(w)$
. , $karrow(W, W);\lambda\mapsto\lambda 1w$ $(W, W)\simeq W\otimes W^{*}$ $\sigma w$
. $W$ , $\langle$ $w1,$ $\ldots,$ $w_{n}\}$ . $\langle$ $w_{1}^{*},$ $\ldots,$ $w_{n}^{*}\}$ .
,




3.1 \sigma W\sim \rightarrow W\otimes W*I $\alpha w$
$\alpha w^{*}:$ $karrow(W^{*}\otimes W)^{*}\simeq W\otimes W^{*}$
.
3\sim (C -W [131) $M,$ $N$ $W$ kG- . :
$\theta w$ : $(M\otimes W, N\otimes W)carrow(M, N\otimes W\otimes W^{*})G$ $(1N\otimes\alpha W)_{*}:$ $(M, N\otimes W\otimes W^{*})Garrow$
$(M, N)G$ $\mathrm{W}^{W}$ :
$\mathrm{n}^{W}$ : $(M\otimes W, N\otimes W)Garrow(M, N)G;f\mapsto(1N\otimes\alpha w)\circ\theta wf$.
. $\langle w1, \ldots, w_{n}\rangle$ $W$ , { $w_{1}^{*},$ $\ldots,$ $w_{n}^{*}\rangle$ .
, $f$ : $M\otimes Warrow N\otimes W$ $a\otimes wj$ $f$
$f(a \otimes w_{j})=\sum_{i}b_{ij}\otimes w_{i},$
$a\epsilon M$ , $b\text{ }\in N$
$\mathrm{R}^{W}f$ : $a arrow\sum_{i}b_{ii}$ .
$\mathrm{T}\mathrm{r}^{W}$ , cohomology :
$\mathrm{n}^{W}$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W, N\otimes W)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)$.
$\mathrm{T}\mathrm{r}^{W}$ transfer .
32 $W=w_{1}\oplus W_{2}$ kG- . kG- $M,$ $N$







.$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M\otimes W, N\otimes W)\simeq\oplus^{2}\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(Ml,j=1 @Wl, N\otimes Wj)$
$\alpharightarrow(\alpha lj),$ $\alpha\iota j=\pi_{l*}’\iota_{j}^{*}(\alpha)\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M\otimes Wj, M\otimes W\iota)$ .
$\mathrm{T}\mathrm{r}^{W}(\alpha)=\mathrm{R}^{W_{1}}(\alpha 11)+\mathrm{T}\mathrm{r}^{W_{2}}(\alpha 22)$ .




3.4 $M,$ $N$ $W$ kG- . kG- $f$ : $Marrow N$ $f\otimes 1w$ : $M\otimes$
$Warrow N\otimes W$ $\mathrm{R}\mathrm{e}\mathrm{s}w$ :
$\mathrm{R}\mathrm{e}\mathrm{s}w$ : $(M, N)Garrow(M\otimes W, N\otimes W)$ ;
$f\mapsto f\otimes 1_{W}$ .
$\mathrm{R}\mathrm{e}\mathrm{s}w$ , cohomology
$\mathrm{R}\mathrm{e}\mathrm{s}w$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W, N\otimes W)$ .
$\mathrm{R}\mathrm{e}\mathrm{s}w$ restriction .
3.2 restriction . , transfer $\mathrm{T}\mathrm{r}^{W}$
C-P-W “$\mathrm{T}\mathrm{r}w’’$ . restriction , transfer $\mathrm{T}\mathrm{r}^{W}$
36, 37, , 3 .




$3\mathrm{S}$ ( ) $M,$ $N,$ $W$ $X$ kG- .
(i) ($\triangleright \mathrm{P}-\mathrm{W}[13]$ Proposition $3\mathrm{S}$) $\alpha \mathrm{a}\mathrm{n}\mathrm{s}\mathrm{f}\mathrm{e}\mathrm{r}$ $\mathrm{T}1^{X}$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W\otimes X, N\otimes W\otimes X)arrow$
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W, N @W)$
$\mathrm{T}\mathrm{r}^{W}$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W, N\otimes W)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)$
$\mathrm{R}^{W_{\mathrm{o}}}\mathrm{T}\mathrm{r}^{X}=\mathrm{T}\mathrm{r}^{W\Phi X}$ .
(ii) restriction $\mathrm{R}\mathrm{e}\mathrm{s}w$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W, N\otimes W)$ $\mathrm{R}\mathrm{e}\mathrm{s}x$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes$
$W,$ $N\otimes W)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W\otimes X, N\otimes W\otimes X)$
${\rm Res}_{W^{\mathrm{O}}}$Resx $={\rm Res}_{W\Phi X}$ .
(iii) $a\mathrm{a}\mathrm{n}\mathrm{s}\mathrm{f}\alpha$ $\mathrm{R}^{W}$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W, N\otimes W)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)$ restriction $\mathrm{R}\mathrm{e}\mathrm{s}w$ :
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}’(M\otimes W, N\otimes W)$
$\mathrm{R}^{W}\circ \mathrm{R}\mathrm{e}\mathrm{s}w=\dim W\cdot 1\mathrm{H}\mathrm{x}\mathrm{p}_{G}(M,N)$ .
3.6 (Frobenlus ) $L,$ $M,$ $N,$ $U$ $W$ kG- . $\eta\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(L, M),$ $\zeta\in$
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{s}(M\otimes W, N\otimes W),$ $\xi\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{t}(N, U)$
.
$\mathrm{R}^{W}(\zeta \mathrm{R}\mathrm{e}\mathrm{s}_{W}\eta)=\mathrm{R}^{W}\zeta\cdot\eta$ ,
$\mathrm{n}^{W}({\rm Res}_{W}\xi\cdot\zeta)=\xi \mathrm{T}\mathrm{r}^{W}\zeta$ .
3.7 (Mackey ) kG- $M,$ $N,$ $W$ $X$
31 $L,$ $M,$ $N,$ $W$ $X$ kG- . $\zeta\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W, N\otimes W)$ $\eta\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{s}(L\otimes$
$X,.M\otimes X)$
$\mathrm{R}^{W\Phi X}$(${\rm Res}\chi\zeta\cdot$ Resw $\eta$) $=\mathrm{n}^{W}\zeta\cdot \mathrm{R}^{X}\eta$.
3.9 ($\propto \mathrm{P}-\mathrm{W}[13]$ Proposition 3.4) $W$ $X$ kG- . $\zeta\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(W, W)$
$\eta\in \mathrm{D}$ tkl (X, $X$)
$\mathrm{n}^{W\Phi \mathrm{x}_{(\zeta\cup\eta)=\mathrm{T}\mathrm{r}^{W}\zeta\cdot \mathrm{T}\mathrm{r}^{\mathrm{X}}\eta}}$ .






3.10 (C-P-W [131 roposition 4.1) kG- $M,$ $N$ $W$
$a_{G}W\cdot \mathrm{R}^{W}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(M\otimes W, N\otimes W))=0$.
3.5 $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(k, k)$
$\rho\in a_{G}(L_{\rho})$
, $\rho$ productive .
$\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(k, k)$ productive , 310 , $\rho$ $\mathrm{T}\mathrm{r}^{L_{\rho}}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(M\otimes L_{\rho}, N\otimes L_{\rho}))$
:
$\rho\cdot \mathrm{T}\mathrm{r}^{L_{\rho}}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(M\otimes L_{\rho}, N\otimes L_{\rho}))=0$ .
3.11 (i) $p>2$ $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(k, k)$ productive .
(ii) $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(k, k)$ $\rho^{2}\in ac(L_{\rho})$ .
, 3.10 , $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(k, k)$ re l
$\mathrm{T}\mathrm{r}^{L_{\rho}}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(L_{\rho}, L_{\rho}))=0$
, .




3.13 (Sasaki [221) $M,$ $N$ , $U$ kG- . $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)$ $\varphi\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(N, U)$
, $\varphi\rho=0$ ($r=n=0$ $\varphi\rho=$ ) ,
$\varphi\in \mathrm{i}\mathrm{m}[\mathrm{T}\mathrm{r}^{L_{\rho}} : \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(N\otimes L_{\rho}, U\otimes L_{\rho})arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(N, U)]$ ;
$\rho\in \mathrm{i}\mathrm{m}[\mathrm{T}\mathrm{r}^{L_{\varphi}} : \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{\gamma}(M\otimes L_{\varphi}, N\otimes L_{\varphi})arrow \mathrm{E}\mathrm{x}\zeta_{kG}(M, N)]$ .
314 $M,$ $N$ kG- . $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}’(k, k)$ $\varphi\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, N)$ , $\varphi\rho=0$ ,
$\varphi$
$\mathrm{T}\mathrm{r}^{L_{\rho}}$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M\otimes L_{\rho}, N\otimes L_{\rho})arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, N)$ .
3.15 $M,$ $N$ kG- . $\varphi\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{\gamma}(M, N)$ $\rho 1,$ $\ldots,$ $\rho\iota\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{+}(k, k)$
, $L=L_{\rho 1}\otimes\cdots\otimes L_{\rho_{l}}$ , $\varphi^{t}$ $\mathrm{T}\mathrm{r}^{L}$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{rt}(M\otimes L, N\otimes L)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}’’(M, N)$
.
3.3 transfer , restriction
, transfer restriction transfer
restriction . $H$ $G$ . $\{t1=1, t2, \ldots, t_{n}\}$
$H\backslash G=\{Hg|g\in G\rangle$ .
$V$ kG- , $W$ kH- . $(V, W^{G})G$ $(VH, W)H$ :
$(V, W^{G})_{G}arrow(V_{H}, W)_{H}$
$f\mapsto f’$ : $a\mapsto w_{1},$ $a\in V$
93




, $M,$ $N$ kH- , $V=M\otimes k_{H}^{G},$ $W=N$ ,
$N^{G}\simeq N\otimes k_{H}^{G}$ ; $a\otimes t_{i}\mapsto ati\otimes 1\otimes ti$
.
$\Psi$ : $(M\otimes k_{H}^{G}, N\otimes k_{H}^{G})Garrow(M\otimes k_{HH}^{G}, N)H$
$f-f’$ : $\sum_{i}a_{i}\otimes 1\otimes t_{i}\mapsto b_{11},$ $a\in M$
,
$f(a_{i} \otimes 1\otimes t_{i})=\sum_{l}b_{li}\otimes 1\otimes t_{l}$.
$\Phi$ : $(M\otimes k_{HH}^{G}, N)Harrow(M\otimes k_{H}^{G}, N\otimes k_{H}^{G})G$
$g-$ : $a \otimes 1\otimes t_{j}\mapsto\sum_{i}g((a\otimes 1\Phi l_{j})t_{i}^{-1})t_{i}\otimes 1\otimes t_{i},$ $a\in M]$ .
3.6 (C-P-W[131) T , $M$ $M\otimes k_{H}^{G}$ kH-
$\pi u$ :
$M \otimes k_{H}^{G}arrow M;\sum_{i}a_{i}\otimes 1\otimes t_{i}\mapsto a_{1},$
$a_{i}\in M$
$\iota_{M}$ : $Marrow M\Phi k_{H}^{G};a\mapsto a\otimes 1\otimes 1,$ a $\epsilon M$
. $\pi M^{*}$ : $(M, N)Harrow(M\otimes k_{H}^{G}, N)H;f-f\circ\pi$
$\iota M^{*}$ : $(M\otimes k_{H}^{G}, N)Harrow(M, N)H;g-g\circ\iota$ $\Phi$ $\Psi$ $\phi,$ $\psi$
.
:
$\phi$ : $(M, N)Harrow(M\otimes k_{H}^{G}, N\otimes k_{H}^{G})G$
$g\mapsto\varpi:a\otimes 1\otimes ti\mapsto g(at_{i}^{-1})ti\otimes 1\otimes ti]$ ,
$\psi$ : $(M\otimes k_{H}^{G}, N\otimes k_{H}^{G})Garrow(M, N)H$
$f \mapsto[f’ : a\mapsto b_{11}, f(a\otimes 1\otimes t_{1})=\sum_{i}b_{i1}\otimes 1\otimes t_{i}]$ .
$\psi\circ\phi=\mathrm{i}\mathrm{d}\mathrm{e}\mathrm{n}\mathrm{t}\mathrm{i}\mathrm{t}\mathrm{y}$ on $(M, N)H$ .
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3.4 $(W^{G}, V)G\simeq(W, VH)H$ ,
$(M, N)Harrow(M\otimes k_{H}^{G}, N\otimes k_{H}^{G})G,$ $(M\otimes k_{H}^{G}, N\otimes k_{H}^{G})Garrow(M, N)H$
, $\phi,$ $\psi$ .
3.16 kG- $M,$ $N$, $H\leq G$ :
(i) (C-P-W [13] poeitlon 3.1)
, $\mathrm{i}\mathrm{m}\mathrm{T}\mathrm{r}^{k_{H}^{G}}=\mathrm{i}\mathrm{m}\mathrm{t}\mathrm{r}_{H}^{G}$ .
(ii)




3.18 $L,$ $M,$ $N$ kG- , $H$ $G$ . $\zeta\in \mathrm{E}\mathrm{x}\mathrm{t}_{kH}^{r}(M, N),$ $\eta\in \mathrm{E}\mathrm{x}\mathrm{t}_{kH}^{s}(L, M)$
$\phi_{H}(\zeta)\phi_{H}(\eta)=\phi_{H}(\zeta\eta)$ .
$3S$
$\alpha\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M @k_{H}^{G}, N\otimes k_{H}^{G})$ , \beta \in Extks (L\otimes kH, $M\otimes k_{H}^{G}$ )
$\psi_{H}(\alpha)\psi_{H}(\beta)=\psi_{H}(\alpha\beta)$ .
3.6 36, 3.7 Frobenius , Mackey .
36, 3.7 Frobenius , Mackey .
$3A$
3.7 $W$ kG- .
(i) kG-
$\mathrm{O}arrow Larrow Marrow Narrow \mathrm{O}$
, $W$ tensor
$\mathrm{O}arrow L\otimes Warrow M\otimes Warrow N\otimes Warrow \mathrm{O}$
, W- .
(H) $f$ : $Larrow M$
$0 arrow LMarrow \mathrm{c}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}f\int_{arrow}.arrow \mathrm{O}$
W- , W- .
(iii) $g$ : $Marrow N$
$0arrow \mathrm{k}\alpha garrow Marrow gNarrow 0$
W- , W- .
31 $W,$ $U,$ $V$ kG- .
(i) W- $f$ : $Marrow N$ kG- $g$ : $Uarrow N$ kG-
$h:Uarrow M$ $fh=g$ , kG- $U$ W- :
$U$
$\llcorner\exists.\cdot.\cdot h.\cdot.\cdot\cdot\cdot.\cdot.\cdot.\cdot.\cdot\downarrow g$
$MN\vec{\prime}arrow \mathrm{O}$ (W- )
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(ii) W- $f$ : $Marrow N$ kG- $g$ : $Marrow V$ kG-
$h$ : $Narrow V$ $hf=g$ , kG- $V$ W- :
$0arrow Marrow Nf$ (W- )
$g\downarrow_{\llcorner}.\cdot.\cdot.\cdot.\cdot.\cdot\exists.\cdot h$
$V$
3.19 (Auslander-Carlson [31 Proposition $4S$) $W$ kG- .
(i) evaluation $\alpha w$ : $W\otimes W^{*}arrow k$ W- .
(ii) $\sigma w$ : $karrow W\otimes W^{*}$ W- .
320 $W$ $M$ kG- .
(i) $\alpha_{W}\otimes 1_{M}$ : $W\otimes W^{*}\otimes Marrow M$ W- .
(ii) $\sigma w\otimes 1_{M}$ : $Marrow W\otimes W^{*}\otimes M$ W- .
3.21 kG- $\mathrm{E}:\mathrm{O}arrow Larrow Marrow Narrow \mathrm{O}$ W- , $W$
$X$ , $\mathrm{E}$ X- .
3.22 $W$ kG- . , , W- $W^{*}-$
{ .
kG- $U$ W- , $\alpha w\otimes 1_{U}$ : $W\otimes W^{*}\otimes Uarrow U$ :
$W\otimes$ (W- )





3.23 (C-P-W [131) $W$ $U$ kG- . .
(i) $U$ W- ;
(ii) $U|W\otimes W^{*}\otimes U$ ;
(iii) kG- $N$ $U|W\otimes N$ .
(iv) $U$ W- ;
(v) kG- $\gamma$ : $U\otimes Warrow U\otimes W$ $1_{U}=\mathrm{T}\mathrm{r}^{W}\gamma$ .
3.9 kG- $W$ , W- kG- full subcategory $p(W)$ .
3.24 $U,$ $V$ , $W$ kG- .
(i) $V\in\acute{\mathrm{t}}p’/(W)$ $(V)\subset p(W)$ .
(ii) $V\in\ovalbox{\tt\small REJECT}(W)\Leftrightarrow V^{*}\in p(W)$, , $p(W)=i\mathcal{P}(W^{*})$ .
(iii) $U\in\ovalbox{\tt\small REJECT}’(W)$ $V\in p(W)\Leftrightarrow U\oplus V\in p(W)$ .
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(iv) $U\in P(W)\Rightarrow U\otimes V\in p(W)$ .
(v) $V\in p(W)\Leftrightarrow\Omega V\in p(W)$ , , $n\in \mathrm{Z}$ $p(\Omega^{n}W)=p(W)$ .
(vi) $P\gamma \mathrm{d}\mathrm{l}\mathrm{m}W\Rightarrow P(W)=\mathrm{m}\mathrm{o}\mathrm{d}(kG)$ .
(vii) kG- W- . $\llcorner W$ W-
.
(viii) $U\in P(V)\mathrm{B}^{\mathrm{a}}\text{ }U\in p(W)\Leftrightarrow U\in P(V\otimes W)$ .
(vi) 35(iii) .
325 $W$ kG- . kG-
$\mathrm{E}:0arrow Larrow sMarrow Nfarrow \mathrm{O}$
:
(i) $\mathrm{E}$ W- ;
(ii) W- $U$ $\mathrm{E}$ U- ;
(iii) W- $U$ kG- $\alpha$ : $Uarrow N$ kG- $\beta$ :
$Uarrow M$ $f\beta=\alpha$ ;
$\exists.\cdot.\beta \mathrm{L}^{\cdot}.\cdot.\cdot.\cdot.\cdot.\cdot.\cdot.U\downarrow\alpha$
$MN\vec{f}arrow 0$
(iv) $L$ W- $V$ kG- $\sigma$ : $Larrow V$ kG- $\tau$ :





$0arrow Larrow Marrow^{S}Narrow 0$
$\downarrow$ $\gamma\downarrow$ $||$
$\mathrm{O}arrow L’arrow M’N\vec{h}arrow 0$
, W- , W- .
3.10 $W$ $M$ kG- .
(i) W- $U$ $M$ W- $\pi$ : $Uarrow M$
$0arrow \mathrm{k}\alpha\piarrow Uarrow\pi Marrow 0$
$M$ W- .
(ii) $M$ W- $V$ W- $\iota$ : $Marrow U$
$0arrow M-^{\iota}Varrow \mathrm{c}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}\iotaarrow 0$
$M$ W- .
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$0arrow Karrow\iota Uarrow M\piarrow 0$
$M$ W- .





$\mathrm{o}_{i}arrow Karrow^{\iota}Uarrow^{\pi}M\nearrow j\downarrow\nearrow\exists farrow 0$
$R–R$
, $U=R\oplus \mathrm{k}\mathrm{e}\mathrm{r}f$ , $\mathrm{k}\mathrm{e}\mathrm{r}f=U0$ , $M$ W-
$0arrow K_{0}arrow U_{0}arrow Marrow 0$
.
$0arrow Larrow Varrow M^{*}arrow 0$
$M^{*}$ W- , $L$ W- ,
$0arrow Marrow V^{*}arrow L^{*}arrow 0$
$M$ W- , $L^{*}$ W- .
3.11 (i) $M$ W-
$\mathrm{O}arrow \mathrm{k}\mathrm{e}\mathrm{r}\piarrow Uarrow M\piarrow \mathrm{O}$
, $\mathrm{k}\mathrm{e}\mathrm{r}\pi$ W- , W- $M$ W-
.
(ii) $M$ W-
$0arrow Marrow\iota Varrow \mathrm{c}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}\iotaarrow 0$
, $\mathrm{c}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}\iota$ W- , W- $M$ W-
.
3.27 $M$ kG- .
$Uarrow M\piarrow \mathrm{O}$
$M$ W- . , :





(ii) $M$ W- $V-^{f}Marrow 0$ W- $R$ ,
$\mathrm{O}arrow \mathrm{k}\mathrm{e}\mathrm{r}farrow V-^{f}Marrow \mathrm{O}$ $\mathrm{O}arrow \mathrm{k}\mathrm{e}\mathrm{r}\pi\oplus Rarrow U\oplus Rarrow Marrow 0$
.
(iii) $\mathrm{k}\alpha\pi$ W- .
(iv) $U-^{\pi}Marrow \mathrm{O}$ $M$ W- , $\dim U$ .
328 $M$ kG- .
$0arrow Marrow\iota U$
$M$ W- . , :






(ii) $M$ W- $0arrow M-^{f}V$ W- $R$ , $0arrow$
$M \int_{arrow}Varrow \mathrm{c}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}farrow \mathrm{O}$ $\mathrm{O}arrow Marrow U\oplus Rarrow \mathrm{c}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}\iota\oplus Rarrow \mathrm{O}$
.
(iii) $\mathrm{c}\mathrm{o}\mathrm{k}\mathrm{e}\mathrm{r}\iota$ W- .
(iv) $0arrow Marrow\iota U$ $M$ W- , $\dim U$ .
329 $W$ kG- . kG- $M$ W- W- ,
.
3.12 $W$ kG- . kG- $M$ W- $\pi$ : $Parrow M$ $\Omega_{W}M$ :
$0arrow\Omega_{W}Marrow Parrow Marrow 0$ .
$P$ $PwM$ . $M$ W- $\iota$ : $Marrow I$ $\Omega_{W}^{-1}M$ :
$0arrow Marrow Iarrow\Omega_{W}^{-1}Marrow 0$.
$I$ $IwM$ .
\Omega -Wl\Omega WM\simeq \Omega W\Omega lM , $\Omega_{W}^{0}M$ . ,
$M=\Omega_{W}^{0}M\oplus X$ ,
$\Omega_{W}^{0}M$ W- , $X$ W- .
$\mathrm{m}\mathrm{o}\mathrm{d}(kG)$ full subcategory $\wp$
. kG- $M$ $\wp$ kG- $U$ $f$ : $Uarrow M$ $\varphi$
.
kG- $W$ $g$ : $Warrow M$ $h$ : $Warrow U$ $g=$
$f\circ h$ , conaavarianUy finite $\mathrm{A}\mathrm{a}$ . $f$ : $Uarrow M$ $M$ $\yen^{p}.-$
approximation . $M$ $\mathscr{C}$-approximation($M$ $y$-approximation
, ) . covarianUy finite subcategory
. covariant , contravariant finite subcategory functorially finite
. W- category $\mathit{9}(W)$ 320 functoriatly finite
. , functorially finite .
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3.30 (C-P-W position 2.7) $\mathrm{m}\mathrm{o}\mathrm{d} (kG)$ full subcategory $\varphi$ contravariantly finite $
, $M\in\varphi$
.
$N\in \mathrm{m}\mathrm{o}\mathrm{d} (kG)$ tensor $M\otimes N$ $\varphi$
. . $f$ :
$Warrow k$ $k$ $\mathscr{C}$-approximation , category $\varphi$ W- category
$\ovalbox{\tt\small REJECT}’(W)$ . , $\varphi$
.
functorially finite .
3.31 $M,$ $N,$ $W$ kG- . $M$ $N$ W- .
(i) ${\rm Res}_{W}$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W, N\otimes W)$ ;
(ii) $\mathrm{T}\mathrm{r}^{W}$ : $\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M\otimes W, N\otimes W)arrow \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(M, N)$ .
3.13 kG- $f$ : $Marrow N$ W- , W-
.
kG- $f$ : $Marrow N$ W- W- $U$ $g$ : $Marrow U$ ,
$h$ : $Uarrow N$ $f=hg$ . W- $V$ $N$ W- $\pi$ :
$Varrow N$ ( , $\alpha_{W}\otimes 1_{N}$ : $W\otimes W^{*}\otimes Narrow N$) , $U$ W- ,





, $s\circ g:Marrow V$ $g$
, $V$ 1 $V=\mathrm{T}\mathrm{r}^{W}\gamma,$ $\gamma$ : $V\otimes Warrow V\otimes W$,
$f=\pi\circ g=\pi\circ \mathrm{T}\mathrm{r}^{\mathfrak{l}\gamma}\gamma\circ g=\mathrm{T}\mathrm{r}(\pi_{W}\circ\gamma\circ g_{W})$ .
3.32 (C-P-W [131 Proposition 32) kG- $f$ : $Marrow N$
:
(i) $f$ W- ;




(iii) $M$ W- $X$ W- $\iota$ : $Marrow X$ kG- $h$ :
$Xarrow N$
(W-ff#)
$\downarrow 7\nearrow harrow Nf$
$X$
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(iv) kG- $\gamma$ : $M\otimes Warrow N\otimes W$
$f=\mathrm{T}\mathrm{r}^{W}\gamma$ .
$3\mathrm{S}3$ (C-P-W[131 Corol ry 3.6) $W,$ $X$ kG- . kG- $f$ : $Larrow M$
W- , kG- $g:Marrow N$ X- , $g\circ f$ : $Larrow$
$N$ $W$ @X- .
334(C-P-W[131 vposltion $3S$) kG- $f$ : $Marrow N$ $M\otimes N-$ .
3.14 $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(k, k),$ $r>0$,
$d(\rho)=\{M$ kG- $|\rho\cdot 1M=0\rangle$
. , $\rho 1,$ $\ldots,$ $\rho t\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(k, k)$
$d(\rho_{1\prime}\ldots, \mu)=\cap^{t}d(\rho_{i})i=1$
.
335 $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(k, k)$ productive
$P(L_{\rho})\subset d(\rho)$ .
$3X$ (Car on-Peng [121 posltion 4.7 (i1)) $\rho 1,$ $\ldots,$ $\rho\iota\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{+}(k, k)$
$d(\rho_{1\prime\cdots\prime}\rho_{t})\subset p(L_{\rho 1}\otimes\cdots\otimes L_{\rho_{l}})$ .
, $\rho_{1},$ $\ldots,$ $\mu$ $\mathrm{p}\mathrm{r}\mathrm{o}\mathrm{d}\mathrm{u}\mathrm{c}\dot{\mathrm{u}}\mathrm{v}\mathrm{e}$
$d(\rho_{1}, \ldots, \rho_{t})=ffl(L_{\rho 1}\otimes\cdots\otimes L_{\rho_{l}})$ .
4Variety transfer
kG- $W$ transfer $\mathrm{T}\mathrm{r}^{W}$ 0 .
4.1(C-P-W[131 poeltlon42) $P$ $G$ Sylow p- , $W$ kG- .
$\mathrm{r}\mathrm{e}\mathrm{s}^{*}Z(P)(X\mathrm{Z}(P)(k))\not\subset X_{G}(W)$
$\mathrm{T}\mathrm{r}^{W}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(W, W))=0$ .
4.1kG- $M$ $H\leq G$
$\mathrm{r}\mathrm{e}\mathrm{s}_{H}^{*}(x_{H}(k))\subset x_{G}(M)\Leftrightarrow \mathrm{x}_{H}(MH)=x_{H}(k)$ .
$U$ kG- . kG- $M$ U-
$0arrow\Omega^{n}Marrow P_{n-1}arrow\cdots$ \rightarrow \rightarrow M\rightarrow 0,
$0arrow\Omega_{U}^{n}Marrow Q_{n-1}arrow\cdotsarrow Q_{0}arrow Marrow 0$
. $M$ , :
$0-\Omega^{n}Marrow P_{n-1}arrow\cdotsarrow P0arrow Marrow 0$
$\gamma_{n\downarrow}$
$\downarrow$ $\downarrow$ $||$
$0arrow\Omega_{U}^{n}Marrow Q_{n-1}arrow\cdotsarrow Q_{0}arrow Marrow 0$
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4.2 (Sasaki [221) $W$ kG- . kG- $U$ $X_{G}(W)\cap Xc(U)=\langle 0\}$
. , kG- $M$ W- $R$
$\gamma_{\hslash}^{*}$ : ( $\Omega_{U}^{n}M$ , R) $G/$( ) $-\sim \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, R)$
.
4.3 (Sasaki [22]) $W$ kG- . $P$ $G$ Sylow p- . $H$ $P$
$Z(P)$ $p$ shifted . kG- $W$ $kH$
, $\mathrm{T}\mathrm{r}^{W}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{*}(W, W))=0$ .
, .
4.4 $\rho\in \mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{r}(k, k)$ $G$ Sylow p- , $\rho$
.
, 4.1 (C-P-W [131 Proposition 42) 43 .




4.2 $\ovalbox{\tt\small REJECT}$ $G$ . $W=\oplus_{H\in J?}k_{H}^{G}$ , 32 ,
24 .







, kG- $N$ , $n$
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, N)=\mathrm{T}\mathrm{r}^{W}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M\otimes W, N\otimes W))$ .
5.1 (C-P-W) kG- $M$ $n$ #
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, M)=\mathrm{T}\mathrm{r}^{W}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M\otimes W, M\otimes W))$
, virtually W- .
5.2 .
(i) $M$ v tually W- .
(ii) kG- $N$ , $n$
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M, N)=\mathrm{T}\mathrm{r}^{W}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(M\otimes W, N\otimes W))$ .
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(iii) kG- $N$ , $n$
$\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(N, M)=\mathrm{T}\mathrm{r}^{W}(\mathrm{E}\mathrm{x}\mathrm{t}_{kG}^{n}(N\otimes W, M\otimes W))$ .
5.1 $H^{*}(G, k)$ homogeneous parameter { $\zeta_{1},$ $\ldots,$ $\zeta_{r})$ 22
, $i=1,$ $\ldots,$ $r-2$ tensor $L_{\zeta_{1}}\otimes\cdots$ L virtually $\ovalbox{\tt\small REJECT}_{i+1^{-}}$ . , ten-
sor $L_{\zeta_{1}}\otimes\cdots L_{\zeta_{r-1}}$ . ( 23) .
, Benson [61 , .
53(OkuyamaSasaki [191) $H^{*}(G, k)$ homogeneous parameter $\{\zeta 1, \ldots, \zeta_{\Gamma}\}$
:
(i) $i=1,$ $\ldots,$ $r$
$\zeta_{i}\in$ $\sum$ $\mathrm{t}\mathrm{r}_{H}^{G}(H^{*}(H, k))$ ;
$H\in \mathcal{J}t_{t}(G)$
(ii) $i=1,$ $\ldots,$ $r$ $E\in d_{j}(G)$ $\langle$ $\zeta_{1},$ $\ldots,$ $\zeta_{i}\}$ $\langle$ $\mathrm{r}\mathrm{e}\mathrm{s}_{E}\zeta_{1},$ $\ldots,$ $\mathrm{r}\mathrm{e}\mathrm{s}_{E}\zeta_{i}\}$
$H^{*}(E, k)$ parameter .
parmeter
5.4 (OkuyamaSasakl [191) $G$ $p$-rank 3 kG- $k$ index 0
.
. index Carlson 1990
(Carlson [9]) .
6Relatively stable category
6.1 kG- $M$ $N$ W- kG- $p_{W}(M, N)c$ . W-
stable category $\mathrm{m}\mathrm{o}\mathrm{d}(kG)$ , $M$ $N$
$!!d^{N)^{W}=(M,N)_{G}/p_{W}(M,N)_{G}}$
. $W$-stable category $\underline{\mathrm{m}\mathrm{o}\mathrm{d}}^{W}(kG)$ .
$f$ : $Marrow N$ kG- , $\downarrow M$ : $Marrow I_{W}M$ $M$ W- , $\mathrm{m}\mathrm{o}\mathrm{d} (kG)$
$0arrow Marrow I_{W}Marrow\Omega_{W}^{-1}Marrow 0$
$f\downarrow$ $\downarrow$ $||$
$0arrow Narrowarrow Larrow\vec{S}harrow\Omega_{W}^{-1}Marrow 0$
. $f$ ($\underline{M,N)^{W}}$ $\underline{f}$ , $W$-stable category $\underline{\mathrm{m}}p\underline{\mathrm{d}}^{W}(kG)$
$Marrow N\underline{f}$ $Larrow\Omega_{W}^{-1}M\underline{h}$
. standard triangle .
6.1 $W$-stable category $\mathrm{m}\mathrm{o}\mathrm{d}^{W}(kG)$ triangulated category .
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62W-
$0arrow M’arrow Marrow M”fgarrow 0$
, $\mathrm{m}\mathrm{o}\mathrm{d}^{W}(kG)$ triangle
$M’arrow M\angle$ \Delta $M”arrow\Omega_{W}^{-1}M’\underline{h}$
. , $\underline{\mathrm{m}\mathrm{o}\mathrm{d}}^{W}(kG)$ triangle W-
triangle .
triangulated category $\varphi$ $\mathrm{s}\mathrm{u}\mathrm{b}\mathrm{c}\mathrm{a}\mathrm{t}\mathrm{e}\mathrm{g}\mathrm{o}\mathrm{r}\mathrm{y}\%^{\mathrm{P}}$ trianglulated ,
, $\mathrm{i}\mathrm{c}\mathrm{k}$ .
63virtually W- kG- category $W$-stable category $\mathrm{m}\mathrm{o}\mathrm{d}^{W}(kG)$ ick
subcategory .
Mod(kG) kG.- category . Rickard [20] , $\underline{\mathrm{m}\mathrm{o}\mathrm{d}}(kG)$ ick
subcategory $\varphi$
.
Mod(kG) Mod(kG) idempotent $g,,$ $\ovalbox{\tt\small REJECT}$, .
$ff\prime g(k),$ $\ovalbox{\tt\small REJECT}$, tensor . $ff\prime g(k),$ $\ovalbox{\tt\small REJECT}\prime g(k)$
tensor ( $\mathcal{E}\prime g(k)\otimes\ovalbox{\tt\small REJECT} g(k)-\sim\ovalbox{\tt\small REJECT} g(k),$ \sim $(k)\otimes\ovalbox{\tt\small REJECT}$ (k) $\simeq\ovalbox{\tt\small REJECT}\prime e(k)$ in Mod(kG))
, idempotent .
Carlson-Peng-Wheeler [13] Rickard [20] , Sections 4, 5
$W$-stable category , $W$-stable category $\mathrm{m}\mathrm{o}\mathrm{d}^{W}(kG)$ ick
subcategory $\varphi$
.
$\underline{\mathrm{M}\mathrm{o}\mathrm{d}}^{W}(kG)$ $\underline{\mathrm{M}\mathrm{o}\mathrm{d}}^{W}(kG)$ idempotent $g_{r}^{W}\ovalbox{\tt\small REJECT}_{g}^{W}d’$”
(C-P-W Proposition 65). , $\underline{\mathrm{M}\mathrm{o}\mathrm{d}}^{W}(kG)$ kG- $W$-stable cate-
gory . ,
In the case of Proposition 6.5 it is not clear whether the functors &and $\mathcal{F}\prime\prime g$ are always
given by tensoring with a $kG$ -module. This may be the subject of further investigation.
. , $ff\prime g$ and $\ovalbox{\tt\small REJECT}$, $g_{g}^{W}$,and $\ovalbox{\tt\small REJECT}_{r}^{W}d’$ .
Benson-Carlson-Robinson[41 $G$ block kG- $M$
$H^{*}$ ( $G$ , M)\neq 0 $G$ p- $x$ $C_{G}(x)$ p-
. Benson [7] .
idempotent .
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